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Abstract 
Mass Customization (MC) inherently offers the service of individualization of goods and services to customers aiming at better meeting 
customers’ personal needs. The potential to increase the sustainable performance of businesses by applying MC has been examined in various 
consumer goods related EU projects so far. Especially, when offering MC as a sustainable Product Service System it is capable of improving the 
management of the whole product lifecycle. Evidence of this approach has already been presented for some sectors, such as in food and apparel. 
In other sectors, the interaction between MC and sustainability has not been significantly explored yet. In this paper, we both, theoretically and 
empirically assess the integration of sustainability in the individualization service offered through user-interfaces, such as in particular 
configurators. We provide insights from reviewing more than 900 web-based configurators within 16 different industries. Our analysis reveals 
that only about five percent of all user-interfaces address sustainability issues in their individualization services. By linking our results with the 
insights gained in our literature review, we make recommendations for the integration of sustainability in the user-interface design. Furthermore, 
we identify opportunities for future research.  
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The European research project SMC-Excel aims at 
enhancing the sustainability in the consumer electronics 
industry through the integration of new business models based 
on the ideas and concepts of Mass Customization (MC). This, 
on the one hand, requires the development of new services for 
an effective management of the entire product lifecycle and an 
empowerment of the product manufacturers and distributors, 
which can both take the lead of the systemic innovation 
required for the implementation of sustainable mass-
customized consumer electronics goods. On the other hand, a 
modification of consumers’ behavior is required. This paper 
mainly addresses the latter objective. Through the development 
of user-interfaces that enable the configuration of products 
according to individual needs, purchase decisions could be 
stimulated towards more sustainable choices. User-interfaces, 
which systematically provide information on the sustainability 
impact of the combination of various product attributes, could 
lead to the production of more sustainable products, and they 
might encourage a sustainable management of the products’ 
middle and end of life span. The verification of these 
assumptions is an integral aim of the SMC Excel research 
project.  
The general potential to increase the sustainable 
performance of businesses by applying MC has already been 
examined in several consumer goods related research projects 
(e.g. CoRNet “Customer-Oriented and Eco-friendly Networks 
for Healthy Fashionable Goods, Enviro-Tex-Design, Micro-
dress”, SMCS “Sustainable Mass Customization - Mass 
Customization for Sustainability”, My Wear “Customised 
Green, Safe, Healthy and Smart Work and Sports Wear”). 
 2016 The Authors. Published by Elsevier B.V This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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These projects provide evidence of the application of 
sustainable MC in practice in some specific sectors, such as in 
food, apparel and furniture.  
In this research paper, we assess the current state of 
sustainability integration in web-based user-interfaces in 
theory and practice. The provision of a user-interface and its 
respective usage constitute a service of individualization that 
could be capable to enhance sustainable consumption and 
production. We design a framework of analysis to assess the 
inclusion of sustainability aspects in user-interfaces using the 
cyledge configurator database (configurator-database.com). 
We analyze 903 configurators from 16 branches. With our 
review, we provide a state-of-the-art overview on the present 
degree of sustainability integration into the product service 
system (PSS) of MC. Furthermore, we aim at understanding 
how sustainability information is currently presented and used 
in user-interfaces. Finally, based on the insights from both 
theory and practice, we define generic recommendations for the 
integration of sustainability in user-interfaces. These generic 
ideas constitute the basis for testing the integration of 
sustainability information in user-interfaces in future research.  
Hence, with our paper, we seek to improve the 
understanding of how individualization services can be used to 
positively influence consumer behavior towards sustainable 
consumption. By this means, we also contribute to the 
understanding of how companies can promote sustainable 
production by integrating sustainability information 
consequently into their individualization service.  
In the following, we give a short introduction to the concept 
of MC and its relation with sustainability. Thereupon, we turn 
to the particular topic of user-interface design for 
individualization services in theory. In a next step, we outline 
the methodology of our empirical analysis of sustainability 
integration into user-interfaces in practice. In section 3.2, we 
describe the results of our investigation. This is followed by a 
discussion, comprising a joint reflection of our insights 
obtained in the theoretical and practical analysis. We conclude 
our paper by summarizing our key findings and indicating 
opportunities for future research.  
2. Sustainable User-Interface Design in Theory 
2.1. Mass Customization and Sustainability 
The term MC was popularized by Joseph Pine in 1993 who 
described it as “developing, producing, marketing and 
delivering affordable goods and services with enough variety 
and customization that nearly everyone finds exactly what they 
want”[1]. The intention of MC is the production of goods and 
services that coincide with the idiosyncratic needs of customers 
while maintaining mass production efficiency[2]. For the 
customer, the decision to purchase a customized good is the 
result of a simple economic equation: the higher the expected 
returns from the product exceed the costs, the more likely 
customers are to consider a customized product in their 
purchase decision[3]. The returns of an individualized product 
are twofold: First, the customer’s conceived value of a mass 
customized product is greater than the value of a mass produced 
product due to increased utility[4,5]. Second, the customer gets 
rewards from the designing process, such as the satisfaction of 
fulfilling a co-design task[6,7]. 
The higher value that customers perceive when purchasing a 
product tailored to their individual requirements results in an 
increased willingness to pay. For customized products and 
services, customers have been found willing to pay a slightly 
higher price than for standard products[8]. Based on the 
additional value and the increased willingness to pay, Wijekoon 
and Badurdeen (2011) claim that MC is a suitable model for 
integrating sustainability: higher costs for sustainable products 
can be shared between the manufacturer and the customer[9]. 
An increased willingness to pay for customized products as 
an enabler for selling sustainable products is not the only link 
between MC and sustainability that has been discussed in 
research. In the light of the debate on sustainability, the analysis 
of social and environmental aspects of MC has gained 
importance in recent years. For instance, Chin and Smithwick 
(2009) and Petersen et al. (2009) provide a comparison of the 
sustainability of MC versus mass production based on the 
different stages of the product life cycle[10,11]. Hankammer 
and Steiner (2014) and Pourabdollahian et al. (2014a) examine 
the relation of MC and sustainability from a business model 
perspective[12,13]. Kohtala (2015) gives a thorough overview 
on further studies on this topic[14]. Finally, Pourabdollahian et 
al. (2014b) develop a research agenda for assessing MC from a 
sustainability point of view[15]. Tukker & Tischer (2006) 
described the potential to improve sustainability through PSS. 
They identified that although PSS can serve to increase 
sustainable performance through system innovation, it does not 
guarantee subsequent sustainable benefits when not taking care 
of specific guidelines and rules [16]. The same can be attributed 
to MC: We consider the individual configuration of a product 
as a  PSS  as for instance stated by Van Halen et al. (2005) [17]|. 
However, it has to be stated that the majority of studies still 
remain mainly conceptual.  
2.2. Sustainable Configuration 
One of the key factors of MC is the interaction between 
manufacturer and customer[17]. Mass customizers have to 
support customers in expressing their individual requirements 
and creating their own solutions while minimizing the 
complexity and the burden of choice[18]. When customers are 
exposed to too many choices the increased utility from having 
more options to choose from is less important than the 
additional cognitive cost of evaluating all the available product 
variants[19]. These drawbacks are described by Huffman and 
Kahn (1998) as “mass confusion”[20]. Customers are not 
always entirely sure about their actual preferences. To uncover 
these preferences, software that incorporates trial-and-error or 
fast cycle learning is helpful[18]. Hence, an effective customer 
interaction system requires tools to ease the search for the 
desired solution of a customer. The technological progress and 
information technology have made it much easier and more cost 
efficient for companies to interact with their customers[21].  
An increasing number of studies have dealt with web-based 
user-interfaces, also referred to in literature using the terms 
configurators, user toolkits, online customization support 
systems or customization interfaces[3,22–24]. According to 
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Franke and Piller (2003) the term “configurator” or 
“configuration system” is most common in literature[3].  
Few studies shed light on the role of configuration for 
leveraging the sustainability potential of MC. The basic idea of 
so-called sustainable configuration is to incorporate 
environmentally and socially conscious choices in the user-
interface[14]. First of all, this includes informing consumers 
about the sustainability impact of their choice. Badurdeen & 
Liyanage (2011) propose that product configurators should 
facilitate an evaluation of any desired configuration with 
respect to environmental and societal performance[25]. 
Analogue to usually displayed changes in price, alterations in 
the sustainable performance resulting from the selection of 
certain materials could be communicated to the customer[25]. 
They list changes in energy consumption for production or 
during usage as examples for such impacts[25]. A second 
aspect discussed in the context of sustainable configuration is 
the transfer of authority from the company to the consumers to 
decide on both, sustainability constraints and need satisfying 
product attributes[14]. Hence, sustainable customization not 
only enables customers to decide what is customized but also 
to dictate what is actually produced. 
3. Sustainable User-Interface Design in Practice 
3.1. Methodology 
The analysis of sustainable user-interface design in practice 
is based on a review of the cyledge configurator database 
(http://www.configurator-database.com), which provides an 
extensive overview of web-based customization tools. To 
achieve our goal of being consistent with the review of each 
configurator, we conducted the following steps: 
The first step ensures that the configuration process was 
designed by the producer and was a complete chain, i.e. 
beginning with the display and choice options of all products at 
the targeted configurator, followed by the ability to adjust 
elements or components within the manufacturing process 
(first configuration analysis layer). In this context we 
understand layer as a defined content space of the analyzed 
configurator. 
x  If sustainability options were available at this first layer 
stage, we indicated the data point “yes” for the relevant 
configurator. (and its usually at this stage that 
sustainability components become an option).  
x If no sustainability options were available in the 
configuration process design chain, a second review 
process was conducted.  
The second step involved going into the configurator as a 
customer looking for a product (second configurator analysis 
layer). A random product was selected, and reviewed in terms 
of its specification and components. This was followed by 
going through the same procedure of assembling the product 
regardless of whether or not any sustainability features were 
available.  
x If sustainability features existed on the second layer, we 
registered this as a “yes” for the respective configurator. 
x If no sustainability options were available in the customer 
design process, a third step review process was conducted.  
In the case, that both previous mentioned steps provided no 
information available, and the configurator did not display its 
products clearly or was too complicated to use, then a third step 
was employed to ensure that there really were no sustainability 
options available (third configurator analysis layer). We then 
searched the web-pages of the configurator directly for 
sustainability key words i.e. environment, sustainable, 
environmentally, energy efficient, toxic free, friendly, bio, 
organic, ecological, ecolabel, FSC, Fairtrade, label.  
x In case we did not identify any keywords. the overall 
results would be indicated as a “no”. 
x In case we identified a keyword we noted that the company 
offers include minor sustainability components.  
x Where products were only partially made up of sustainable 
components a “no” was also used since the final product is 
not considered to be completely sustainable. However, we 
noted the minor sustainability components.  
One obstacle we faced in the research proved to be the 
language as not all configurators were in English. We used 
Google translator in such cases despite its inaccuracy and we 
noted this in the results. 
For the development of recommendations for sustainable 
configuration, we used the data obtained in our configurator 
database review, configuration literature, and results obtained 
during two workshops with industrial designers at VESTEL 
(TV producer), in which we applied our insights to the case of 
a sustainable configuration setting for a television set.  
3.2. Results 
The number of sites examined was 978 with 75 websites not 
available, and of the available 903 sites, only 50 offer 
configuration options to assist customers in choosing 
sustainable goods.  
 The industries accessories, automobile and vehicles, 
entertainment, footwear, house and garden, industrial goods, 
and sports equipment have no sustainable product components 
displayed visibly in the configurators. Apparel, beauty and 
health, electronics and media, food, kids and babies, mixed 
products, pets and unusual products contained only some 
sustainable product features. 
The food industry had the highest number (20%) of 
configurators with organic products, i.e. 20 out of 100 
configurators advertised organic products; 9 of the organic 
food configurators advertised chocolate, candy, cookies, dried 
fruit and nuts of organic origin, 3 of the configurators 
advertised the use of organic fruits, vegetables and groceries, 
another 3 advertised the use of organic wheat and cereal, and a 
single configurator offered organic wine. 
Second in line was the apparel industry where a sustainable 
component such as organic cotton was offered. Approximately 
8% of the configurators (i.e. 11 out of 140 apparel configurators 
reviewed) marketed products with sustainability aspects, 
though it is important to note; the only sustainability aspect was 
the manufacturing of organic cotton. Six of the configurators 
promoted only organic cotton t-shirts, two configurators 
promoted the use or organic cotton fabrics, one configurator 
offered organic cotton shirts, and another configurator offered 
sustainable printing options, e.g. the use of toxin free, non-
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hazardous and organic print process, but did not offer 
sustainable textiles to print on.  
Third in line was the paper and office industry where the 
only sustainable component offered was recycling paper. 
Approximately 6% of the configurators (i.e. 6 out of 100 paper 
and office configurators reviewed) marketed products with 
sustainability aspects (recycling paper or recycling content), 
though it is important to note; only one configurator offered an 
option for eco-labelled paper (FSC) additionally to eco-friendly 
production (wind-energy). However, these options were not 
found to be visibly highlighted to raise awareness. 
Further although not in absolute numbers 2 (10%) 
configurators for beauty and Health contained 
sustainable/organic products, 4 (8%) configurators for kids and 
babies and 1 (11%) configurator for pets equipment and food.  
In terms of the electronic and media industry, there was no 
indication of the direct use of sustainable materials but rather 
sustainability in terms of emissions. Only two configurators 
(approximately 6%) out of 34 provided information about 
sustainability by taking into consideration the environmental 
damage caused by its products. One configurator offered 
batteries that use sustainable chemical materials with minimum 
environmental impacts, while the other configurator (selling 
computers) offered configurators for eco products in terms of 
energy saving options. Table 1 comprises an overview of the 
user-interfaces sorted by industries. 
Industry 
total reviewed 
configurators 
configurators integrating 
sustainability  
Accessories 97 0 
Apparel 140 11 
Automobile & Vehicles 57 0 
Beauty & Health 19 2 
Electronics & Media 34 2 
Entertainment 16 0 
Food 100 20 
Footwear 18 0 
House & Garden 100 0 
Industrial Goods 5 0 
Kids & Babies 49 4 
Mixed Products 76 3 
Pets 9 1 
Sports Equipment 58 0 
Unusual Products 25 1 
Paper & Office 100 6 
Total 903 50 
Table 1. Results configurator review per industry 
 
Most of the configurators offering sustainable products use 
either of two concepts: (1) direct marketing, i.e. providing the 
opportunity for the consumer to enter a database directly 
dedicated only to sustainable products (this was mostly offered 
by the food or cosmetic industry) or (2) indirect marketing, i.e. 
both conventional and sustainable elements are included in one 
database and it is up to the consumer to select the respective 
options for designing their own product (this is mostly offered 
by the apparel industry).  
An example for the first concept (in particular for direct 
marketing of sustainable products) could be that a company 
offers only sustainable configured cosmetics made from 
organic and sustainable ingredients plus the customers can 
configure their products. Figure 1 presents an example for the 
second concept, to integrate sustainable options as one possible 
choice. The company offers personalized T-Shirts with also 
organic cotton T-Shirt as an option to select: 
Fig. 1. Personalized T-Shirts with sustainable option by TShirt Studio, Source: 
https://www.tshirtstudio.com 
Finally, we identified companies offering some sustainable 
features in general (company profile, single products), but these 
were neither displayed nor selectable in the configurator. 
Consequently, we did not highlight this company type 
specifically in the results, as this study focus on the consumer 
user interface and the possibility to recognize and choose (from) 
sustainable offers.  
4. Discussion 
The results of our analysis indicate a lack of awareness 
among producers of the importance of sustainable products. We 
observed that the majority of the configurators do not provide 
consumers with sustainable products and options at all, which 
accounts for almost 95 % of configurators reviewed. Available 
sustainable options were found to be scarce and not highlighted. 
A minor percentage (41 configurators representing 4,5%) 
includes a small variety of sustainable options, however these 
options are found not to be highlighted and additional 
explanation is often missing. A difference proved to be 
configurators offering only sustainable products, representing 
companies, that implemented sustainable business models and 
offering sustainable products. Consequently, all options 
included in the configurator are sustainable. This type was 
identified for 9 configurators (1 apparel, 4 food, 3 beauty & 
health, 1 kids & babies).  
However, our review confirms the overall trend, that 
consumers are increasingly demanding sustainable products, 
that have a direct impact (food) and contact (apparel, health & 
beauty) to consumers or are sensitive in terms of specific 
consumer needs (kids, babies, cosmetics). We noticed that a 
significant number of configurators, such as textiles and food, 
include a configuration chain that brings the customers 
attention to options for sustainable products more readily. On 
the other hand, there are also a number of industries, 
representing 39% of the reviewed configurators, e.g. cars and 
accessories, which are supposed to be concerned with 
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environmental safety, that do not offer any sustainable features 
to the customers. 
Our analysis of the configurator database revealed that the 
integration of sustainability into user-interfaces for 
individualization services has not yet been extensively 
developed. Hence, our analysis does not allow for elaborating 
detailed guidelines and proposals for the design of user-
interfaces that enhance sustainable consumption and 
production. Nonetheless, based on theory and insights gained 
by reviewing best practices of standard configurators, we 
propose the following baseline ideas.  
Firstly, the co-creation process, as suggested by Badurdeen 
& Liyanage (2011), has to ensure that the configuration chosen 
by the customer does not have a high negative sustainability 
impact[25]. Changes in the sustainability impact based on the 
selection of attributes or components have to be clearly shown 
during the co-design process to prevent highly unsustainable 
choices. Various approaches can be used for conveying this 
information. For instance, an estimation of the overall 
sustainability impact could be systematically published 
mimicking the approach used by the custom muesli provider 
myMuesli (mymuesli.com). Its configurator contains the 
following additional impact calculator: while choosing 
different grains, fruits or nuts for the muesli, not only the price 
for the muesli changes but also the composition of calories, fat, 
sugar and other contents are displayed in a drop down list. 
Secondly, giving customers the opportunity to eliminate 
unneeded features and components may result in positive 
sustainability impacts. This elimination option should be 
provided by the company in the configuration process. For 
instance, the configurator of a television (TV) may present the 
customer the option of selecting a carton box of the product 
without a printing. This may minimize the use of printing 
materials and processes that affects both the environmental and 
economic sustainability.  
Thirdly, the abstract and verbal explanations could be 
supported with visual and more concrete materials to easily 
understand the sustainability impact of the consumer’s 
selection. For instance, the impacts of the selection of a 
consumer could be compared with those of another more 
sustainable selection. In this way, the company may catch the 
attention of the customer on sustainability aspects.  
Fourthly, the integration of sustainability information in MC 
configurators also allows enhancing the mass customized offer 
with value adding services, further strengthening its PSS 
characteristics. Especially durable goods manufacturers and/or 
distributors could offer various services, such as repair and 
upgrade, for increasing the length of the product Middle of Life 
(MOL), product take back for ensuring reuse and/or the 
application of suitable recycling processes to better manage the 
End of Life (EOL). These services can provide additional 
revenue sources to the involved companies while positively 
contributing to increase the loyalty of sustainable consumers. 
The offering of new services that effectively cover product 
MOL and EOL implies the development of new processes and 
a redistribution of tasks among the various companies, 
constituting the driver for the development of new business 
models. 
However, the systematic estimation of sustainability 
impacts taking a whole life-cycle perspective requires high 
efforts in terms of data collection for completing the Life Cycle 
Inventory analysis (LCI), which is generally the most time and 
resource consuming phase of an LCA according to ISO14040. 
For this reason, it is preferable making some preliminary 
analyses to understand which are the most important 
sustainability indexes as well as the overall awareness and 
commitment of consumers towards sustainable consumption. 
On the basis of the consumer reactions the information about 
sustainability impacts can be presented in various ways: 
x Only when the consumer explicitly asks for them and 
select the indexes that matter to him 
x Automatically shown for the options selected by the 
consumer; A comparison among alternative options is 
performed only if explicitly requested by the consumer 
x Automatically shown coupled with the gap in terms of 
sustainability impact between the chosen option and the 
most sustainable alternative. 
5. Conclusion 
5.1. Main Contributions and Implications 
With this study, we provided several contributions. Firstly, 
we gave a thorough overview on the current integration of 
sustainability in user-interfaces by reviewing more than 900 
configurators. For 16 different sectors, we outlined the level of 
development. Secondly, we provided a sensible distinction 
between different types of addressing sustainability in a 
configurator. Thirdly, we discussed the results of our review 
explaining that the current integration of sustainability is rather 
low. However, we showed that some industries, such as food, 
apparel and paper & office, are already relatively advanced in 
terms of sustainability integration. Fourthly, we provided 
baseline ideas for improving the integration of sustainability in 
user-interface design. When aiming at enhancing sustainable 
production and consumption, the following recommendations 
might be taken into account: 
x Prevent unsustainable choices by calculating and 
presenting environmental impact of the current choice 
x Reduce waste and resource consumption by giving and 
highlighting possibilities to eliminate unneeded features 
and components 
x Make use of visual illustrations and comparisons to 
improve the understanding of the sustainability impact of 
the consumer’s selection 
x Provide a comprehensive PSS offer that – in addition to the 
co-design service offered by the configurator – integrates 
service elements into the product offerings that add value 
to the consumer’s choice and that could enlarge the 
product’s life cycle 
x Include not only production related impact calculations in 
the user-interface but tackle the consumer’s awareness by 
calculating the impact along the complete product life 
cycle 
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Finally, our study shows that despite the increasing attention 
of consumers for their sustainability impacts and despite the 
shared belief that MC can contribute to improve sustainability, 
quantitative data about sustainability impacts are not yet 
integrated in the majority of configurators. This misalignment 
calls for further analyses on consumer behavior. 
5.2. Limitations and Further Research 
With our analysis, we demonstrated a lack of integration of 
sustainability information into user-interfaces for 
individualization services. Unfortunately, the available data 
does not allow to neither identify all the reasons behind this lack 
nor to predict how the integration of such information will 
influence the purchasing and usage behavior of consumers. 
The suggestions described in Section 4 are based on ongoing 
research activities and discussion with companies involved into 
MC and co-creation activities. Data about consumer reactions 
are still missing and hinder the possibility to identify the most 
promising approach for integrating sustainability into MC user-
interfaces. 
In the next steps of the SMC-Excel research project, we will 
focus on the development of various types of configurators 
integrating sustainability impact feedback. In this way, we will 
analyze the impact on consumer purchasing behavior and 
identify promising services to be offered to sustainably manage 
the different stages along the life cycle of customized products. 
The research presented in this article, serves as a solid basis for 
these future research activities. 
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